The study was carried out for 138 days to know the growth and survival rate of P. monodon by applying probiotics in Gazi Fish Culture Ltd. Dacope, Khulna, Bangladesh. Six experimental ponds (4000 m 2 in size i.e. one acre) were selected of which three were probiotic ponds and three were controlled. After pond preparation, PL 15 (average weight of each 4.75±0.09 g) was stocked at the rate of 13 per m 2 following polymerase chain reaction (PCR) test. CP NASA shrimp feed was used during the study period. Transparency, salinity, pH, dissolved oxygen (DO), temperature, total Ammonia Nitrogen (TAN) were recorded by standard measurements. The average final body weight of the harvested shrimp is 37.67±1.15 g in probiotics ponds and 27.33±0.58 g in controlled ponds and the difference was significant (P < 0.01) between these two productions. The average survival rate was 90.67±1.15 % in probiotic pond and 71.00±3.0 % in controlled pond. The average daily gain (ADG) in weight was 0.27±0.01 g and 0.19±0.01 g in probiotic and controlled ponds, respectively. The result showed that probiotic plays an important role in maintaining water quality parameters, soil quality and health management as well as increases the growth and survival of shrimp.
Introduction
Probiotics are live nonpathogenic microorganisms that provide colonization resistance to the pathogenic microbes and thus are effective in prevention and treatment of some diseases. Fuller [1] defined probiotics as live microbial feed supplements which beneficially affect the host by improving its intestinal microbial balance. Probiotics, lactic acid bacteria and Bacillus spp. as 'bio-friendly agents' can be introduced into the culture environment to control and compete with pathogenic bacteria as well as to promote the growth of the cultured organisms [2] . The use of beneficial bacteria (probiotics) to displace pathogens by competitive processes is being used in the animal industry as a better remedy than administering antibiotics and is now gaining acceptance for the control of pathogens in aquaculture [3] . Shrimp (P. monodon) play an important role in the economy of Bangladesh. Shrimp is of great importance in earning foreign exchange and also to meet up protein demand and to solve unemployment problem for the increasing population. Among the exportable fish and fisheries items of Bangladesh the contribution of shrimp is 57% [4] . One of the major problems at present in the shrimp aquaculture is the microbial disease caused by self-pond pollution [5] . Probiotic bacteria improve the health of shrimp by controlling pathogens and improving water quality by modifying the microbial community composition of water [6] . The main probiotic bacteria documented in shrimp grow-out are Bacillus spp. strains [7] [8] such as Bacillus subtilis [9] [10] or Gram-negative bacteria strains [11] [12] [13] . Several reviews [5, [10] [11] [14] [15] [16] [17] [18] [19] [20] [21] detail the various developments made in the use of probiotics in aquatic cultured species, including shrimp. Based on the previous research on probiotics it is suggested that the use of probiotic bacteria in aquaculture has tremendous scope and the study on application of probiotics in aquaculture has a glorious future [22] [23] . The present study, therefore, has been conducted with the objective of supplementing probiotics in the diet of P. monodon and assessing their growth performance and survival rate by semi intensive culture in Bangladesh.
Materials and Methods
The study was done in Gazi Fish culture Ltd., Dacope, Khulna, Bangladesh. The culture was done for 138 days. Initially ponds were re-excavated and allowed to sun dry to increase the capacity of oxidation of hydrogen sulphide and to eliminate other obnoxious gases. The soil pH was recorded in the pond by pH meter. The average pH was calculated and required amount of lime was applied to maintain the optimum pH. The ponds were fenced by blue net to prevent entering virus carrier species. During the high tidal period the ponds were filling in the water by filtration with small mesh size filter net. The initial water levels in the ponds were maintained at 1.5 m level. After filling the pond, crab net was fitting surrounding the ponds. Ponds were bleached at 60 ppm bleaching, containing 30% chlorine. Four paddle wheel aerators (2 HP each) were set in the four corner position of the pond. For plankton growing the organic compounds and minerals such as rice bran, fish meal, molasses, yeast, dolomite, nutrilake, a-soil and soda mix were applied in the probiotics and controlled ponds.
Water salinity, temperature, transparency, alkalinity, dissolve oxygen, pH, TAN were measured and monitored regularly. The water level was measured by using a hand made wooden scale with cm marking. The water salinity of the pond was measured by using a hand refrectometer (Erma-Japan). The pH, alkalinity, total ammonia nitrogen (TAN) of the pond water was recorded by using pH test kit, alkalinity kit and ammonia test kit respectively (Advance Pharma, Thailand). Water temperature was measured by using a standard centigrade thermometer. The dissolved oxygen (DO) was estimated by D. O. test kit (Advance Pharma, Thailand). Transparency was observed by using a secchi disc.
Ponds were ready for stocking after three weeks. Then PCR tested healthy P. monodon seeds (PL 15 ) which were purchased from a commercial hatchery were stocked at a density of 13/m 2 . Before stocking, the seeds were acclimatized to the pond environment. For this the seed bags were allowed to float on the water surface in each pond for 30 minutes in order to adjust the temperature. The bags were opened and the pond water was introduced slowly by sprinkling into the bags for 60 minutes to equalize with pond water parameters. After acclimatization, seeds were released slowly to the ponds water. During the culture period different types of soil, water and feed probiotics such as Super PS, Super biotic, Pro-w, mutagen, zymatin and Pro-2 were applied for maintaining soil, water quality and feed consumption of shrimp in probiotics ponds. After 138 days of rearing, shrimp was harvested by pumping the pond.
The feeding schedule was based on the feed chart given by the CP Aquaculture (India) Pvt. Ltd. Company. Later the feeding was adjusted based on the check tray observation and body weight sampling. Four check trays were installed in each pond for monitoring feed intake. The required amount of feed were dispensed at certain interval in 24 hours period as follows-25% in the morning (6.00am), 20% at noon (11.00 pm), 30% at evening (6.00 pm) and 25% at night (10.00pm). The feed was broadcasted by rope method.
Additional water exchange was not done for the first 60 days. After that 12 cm of water was added regularly in every 15 days interval till harvesting begins. After 15 days of stocking, sampling of shrimp was done weekly during early hours of the day with a cast net and weights are recorded. Survival rate and average body weight (ABW) of the shrimp were estimated and condition of shrimp health was observed.
All data were analyzed statistically using GraphPad Prism 5 statistical software (GraphPad Software, Inc., San Diego, CA) after they were checked for normal distribution and homogeneity of variance. Only percent data had to be arcsine transformed before analysis; however, non-transformed data are presented in tables. A student t-test was used to examine treatment effects on weight gain, survival, growth and production. All statistical analyses were considered significant at 5% (P < 0.05).
Results
The salinity was found between 08-18 ppt during the culture period. The temperature of the water was ranged between 27 to 33°C during entire culture period. Transparency ranged from 25 to 55 cm in probiotics ponds and 20 to 65 cm in controlled ponds respectively during the culture period. The average pH was 7.5 to 8.8 in probiotics pond and 7.2 to 9.5 in controlled ponds during the culture time. The alkalinity was measured in 130/130 to 130/110 and 80/80 to 130/130 in probiotics and controlled ponds, respectively. TAN was 0 to 1.0 mg/l in probiotics ponds and 0 to 4.0 mg/l in controlled ponds in the culture period. The dissolved oxygen was recorded maximum 8.0 ppm and minimum 4.5 ppm in probiotics ponds and maximum 7.0 ppm and minimum 4.0 ppm in controlled ponds (Table 1) . The average final body weight of the harvested shrimp was 37.67±1.15 g and 27.33±0.58 g in probiotics and controlled ponds, respectively. The average survival rate was 90.67±1.15 % in probiotics ponds and 71.00±3.0 % in controlled ponds. The average daily weight gain was 0.27±0.01 g and 0.19±0.01 g in probiotics and controlled ponds. Average per hectare production was 4385.67±116.10 kg and 2557.67±108.74 kg in probiotics and controlled ponds ( Table 2 ). The average body weight (gm) of the shrimps is significantly higher in the ponds with probiotics than that of control ponds (Student t-test, Two tailed, degree of freedom (df) = 13, P < 0.01). It increases when the culture period extends and this increase is higher in probiotics treated ponds rather than control ponds (Table 3) . 
Discussion
Information on the efficiency of probiotics on the growth and survival of the cultivable shrimp species, P. monodon is not adequate and this study was conducted to observe the efficiency of probiotics (pH Fixer, Super Biotic, Super P S, Mutagen, Zymetin, Pro-w and Pro-2) on the growth and survival of the cultivable shrimp species, P. monodon and also to monitor its influence on important water quality parameters. Salinity, temperature, dissolved oxygen, pH and total ammonia nitrogen (TAN) are important water quality parameters considered during the study. Water quality parameters were found more suitable in probiotics ponds than in controlled ponds those matches with the report of Jiravanichpaisal et al. [24] . Maintenance of good water quality is essential for optimum growth and survival of shrimps [21] . In the present study the salinity of probiotic ponds ranged from 8-18 ppt. According to Soundarapandian et al. [21] salinity is an important parameter in maintaining optimum growth and survival of shrimps. Even though, P. monodon is euryhaline aquatic species; it is comfortable when exposed to optimum salinity. At high salinity the shrimp grows slowly but remains healthy and resistant to diseases. If the salinity is low, the shell becomes weak and prone to diseases. Muthu [25] , Soundarapandian and Gunalan [26] and Karthikeyan [27] recommended an ideal salinity range of 10-35 ppt for P. monodon culture. While Chanratchkool et al. [28] maintained the salinity in between 10-30 ppt. Soundarapandian et al. [21] stated in their study that pH is one of the vital environmental characteristics, which affects the metabolism and other physiological process of shrimps. In their study pH range was 7.6 to 8.2 for the probiotics treated and control ponds. In the present study pH range was 8-8.8 in probiotic ponds and 7.6-8.8 in controlled ponds. Ramanathan et al. [29] said that the optimum range of pH 6.8 to 8.7 should be maintained for maximum growth and production. Dissolved oxygen plays an important role on growth and production through its direct effect on feed consumption and maturation and low levels of dissolved oxygen can cause damages in oxidation state of substances from the oxidized to the reduced form. In the present study dissolved oxygen was found 4.3-6.2 ppm and 4.7-6 ppm in probiotic and controlled ponds respectively. Soundarapandian et al. [21] found 3.2 to 4.2 ppm dissolved oxygen in all their culture ponds that is close to the present study. Low-level of oxygen hampers metabolic performances in shrimp and can reduce growth and moulting and also causes mortality [30] . Water temperature is the most important environmental variables in shrimp cultures, because it directly affects metabolism, oxygen consumption, growth, moulting and survival [21] . The optimum range of temperature for P. monodon culture is between 26 to 33ºC [31, 26] . In this study temperature range was found [24] [25] [26] [27] [28] [29] [30] 0 C and 25-30 0 C in probiotic and controlled pond respectively which was maintained within reference ranges. So it was observed that probiotic does not alter water temperature or it does not have any beneficial effect on it. Ammonia builds up in the water of the fish pond when nitrogen-containing substances decay. The two main nitrogen sources in culturable fish ponds are the waste excretions from the fish and uneaten food. One of the breakdown products of both these substances is ammonia. At farm level, Ammonia level should be less than 1 ppm [21] . In the present study total ammonia nitrogen was 0.2-0.8 and 2-2.9 in probiotic and controlled ponds respectively. Thus maintaining the ammonia level probiotic helps in maintaining good water quality and thereby keeps the shrimp disease free. The average body weight of the harvested shrimp was 37.67±1.15 g and 27.33±0.58 g in probiotics and controlled ponds, respectively and the difference was significant between these two productions (Student t-test, Two tailed, df = 13, P < 0.01). The average daily growth (ADG) was 1.42 times better in probiotic pond than in the control pond whereas per hectare total production was 1.72 times better in probiotic than control pond. Result showed that all probiotic-supplemented diets resulted in higher growth in prawn than the control diet though the amount of feeding was same in both the ponds. This result is very inspiring in shrimp culture with probiotics as size of shrimp is directly related to better foreign exchange earnings. Maeda and Nagami [32] observed that bacterial strains possessing vibrio static activity improved the growth of prawn and crab larvae. Zhenguo et al. [33] found that photosynthetic bacteria used in prawn food or culture water improved the growth of the prawn. More or less same result was found by Saad et al. [34] .
In the present study the average survival rate was 90.67±1.15 % in probiotics ponds and 71.00±3.0 % in controlled ponds and the difference was significant between these two productions (Student t-test, Two tailed, df = 13, P < 0.01). In probiotic ponds survival rate was 19.67% more than control ponds. Here in this study with the application of probiotics, survival rate of shrimp has been found more compared to the controlled ponds which is similar to the report of Garriques and Arevalo [35] . According to these authors the use of V. alginolyticus as a probiotic agent increases survival and growth in P. vannamei postlarvae by competitive elimination of potential pathogenic bacteria, and also effectively reduces the need for antibiotic prophylaxis in intensive larvae culture system. Maeda and Liao [36] also found higher survival and molt rates of prawn larvae of P. monodon by treating the pond with soil extract and the bacterial strain. A farm on Negros, in the Philippines, which had been devastated by luminous Vibrio disease while using heavy doses of antibiotic in feed, achieved survival of 80-100% of shrimp in all ponds treated with probiotics [66].
Conclusion
The general conclusion obtained from the present study is that the probiotic plays a vital role in growth, survival and disease resistance of the aquatic animal by maintaining good water quality parameters throughout the culture period. Probiotic treatment offers a promising alternative to the antibiotics for fish and shrimp aquaculture system. In Bangladesh sustainable shrimp culture with probiotics is increasing day by day and unemployment can be mitigated through this sector. Further research is still needed to detect the mode of action of probiotic on P. monodon digestibility and its effect on immune response and stress resistance.
